The temperature control of glass tempering and annealing process has the problems of the time varying parameters and time lag characteristic. In order to solve this problem, this paper proposes a self-learning fuzzy controller based on improved genetic algorithm and big data analysis. The proposed algorithm can quickly search the global optimal factor by using the big data temperature. Thus the fuzzy control rules are perfected and corrected. The simulation results demonstrate that the proposed control algorithm is suitable for systems with time varying parameters and time lag characteristic.
Introduction
In the era of big data, many industrial objects have the characteristics of large time-delay and parameters time-varying, and it is difficult to establish mathematical models. The traditional Smith predictor and forecasting model cannot obtain satisfactory control performance (Kabir et al., 2014) . Fuzzy control is a control technology that controlled object model does not rely on imitation of human thinking, which uses expert prior knowledge of certain field for approximate reasoning, and has achieved remarkable results in many fields (Sun and Jin, 2006) . In order to obtain good control results, the better perfect fuzzy control rules must be required for those time-varying parameters and large time-delay systems. However, controlled process's complexity will often cause fuzzy control rules rough or imperfect so that affect the control effect in varying degrees (Guan et al., 2015) .
Temperature is an important parameter in the tempering and annealing process of glass, and it is an important physical quantity in the big data calculation (Solimanpur et al., 2004) . In order to optimise the temperature control of the whole process, the big data method can be used to calculate and analyse the temperature. To solve the problem, this paper presented a fuzzy self-learning controller based on improved genetic algorithm (Lian, 2014; Lin and Hsu, 2012) . Self-learning fuzzy controller design includes the following two steps: firstly, design two-dimensional fuzzy controller with many weighted factors; then use the genetic algorithm to the fuzzy controller's weighted factor to carry on the synthesis optimisation based on the obtained online control information. Genetic algorithm can realise controller parameter's optimal process to achieve the control rules' learning and revision and improve controller performance. This makes the optimised parameters of the fuzzy controller can adapt time-varying and large time-delay control system (Lin and Lian, 2013) .
Fuzzy control is a simple intelligent control method. This method is especially suitable for the system that is difficult to be modelled or to be mastered in dynamic characteristics (Yi et al., 2015) . However, fuzzy control is easily influenced by people's experience, and does not have the ability to learn, so sometimes it is hard to reach the expected control effect. On the contrary, genetic algorithm which can perform a global research and will not get into local optimal operation has the hereditary capacity. So, genetic algorithm can bring fuzzy control learning ability and better control effect (Braak, 2006) . Herrera et al. (1998) presents a genetic learning process for learning fuzzy control rules from examples. A hybrid elite genetic algorithm and tabu search to design optimal fuzzy controllers for multi input multi output (MIMO) nonlinear system is presented by the article (Li, 2016) .
Fuzzy rule-based systems (FRBSs) are proficient in dealing with cognitive uncertainties like vagueness and ambiguity imperative to real-world decision-making situations. Fuzzy classification rules (FCRs) based on fuzzy logic provide a framework for a flexible human-like reasoning involving linguistic variables (Bala and Saro, 2016) . Hard turning is extensively used process in the manufacture of tool making industries, where complicated shapes necessitate to be machined in very hard materials. In this analysis an effort has been made to develop the mathematical model for predicting hard turning of AISI M2 steel characteristics like as the metal removal rate (MRR) and tool wear rate (TWR) using fuzzy logic with genetic algorithm and RSM mathematical model (Jaganathan et al., 2014) . A self-learning fuzzy sliding-mode controller (SLFSMC) is proposed to control the temperature of a water bath (Boldbaatar and Lin, 2015) .
The rest of this paper is organised as follows. Section 2 discusses control scheme of the glass tempering and annealing process, followed by the models for fuzzy controller designed in Section 3. The genetic algorithm optimal approach is discussed in Section 4. Section 5 shows the simulation experimental results, and Section 6 summarises the paper.
Control scheme design
A fuzzy control system based on genetic algorithm is showed in Figure 1 . Adjustable fuzzy control rules are core components; the controller based on genetic algorithm has self-learning ability (Ruan et al., 2016) . The main features of control system are as follows: 1 transformed accurate quantity to the corresponding fuzzy set universe by using the normalised fuzzy quantification method 2 the fuzzy control rule is easily described as many adjustment factor synthesis analytic expressions, so it is convenient for computer control and automatic adjustment the control rules 3 if the accurate mathematical model of controlled object is unknown, we could optimise many adjustment factors according to the obtained online input and output data by proposing the improved genetic.
By this way the self-learning and self-adaptive ability of the fuzzy controller was strengthened (Lian and Huang, 2012) .
Fuzzy controller design

Fuzzy controller structure design
This paper designed a two-dimensional fuzzy controller (Zheng et al., 2012) . Its input error is e, error change rate is ec, the output is u, and n is the sampling time (Javadi and Bagheri, 2010) .
e n y n r n ec n e n e n u u n u n ( 1 )
Inputs fuzzification
However, the quantification factor's choice has a great influence on control system's performance influence, between the interaction of Ke and Kc, so it is very difficult to choose a group that can suitable for control system's quantification factor.
Meanwhile it is very difficult to guarantee that the entire process of the controlled process is the optimising control condition, if only has one kind of constant quantification factor which the corresponding long process with large inertial system; so that it reduces the fuzzy control system's robustness. Therefore some scholars realise the change quantification factors by using the array quantification factors, or carries on self-adjustment quantitative factor under system's different condition. In this paper, the normalised fuzzy method can avoid the choice of quantification factor, and it can also very conveniently transform the precise values of error and error change rate into the fuzzy universe.
The main step of normalised fuzzy method may divide into normalised processing and classify fuzzification. Supposed e(n) and ec(n) respectively is the nT time system's error and error change rate, and T is the sampling period. Through calculating e/R and ec/R may realise normalisation for e and ec, and R is system's setting value. Dividing e/R and ec/R into certain ranks in [0, 1] the closed interval, that is classify fuzzification. We may obtain the fuzzy value of error E and the error change rate EC through classify fuzzification.
The universe of the error set E and the error change rate EC can be given as { } { 3, 2, 1, 0,1, 2, 3} { } { 2, 1,0,1, 2} The corresponding language variable can be given as
The normalised fuzzy quantity is
For the E and EC fuzzy set that need not be evenly divided into sub-file, usually zero-profile is designed to the smallest interval in order that ensure the control precision, with the grade increases, the corresponding interval-valued in turn increasing. 
Fuzzy control rule design
The fuzzy control rule's adjustment is a key part of enhancing the control performance, and also the decision link for producing the control tables. Many fuzzy controllers have the different improvement in the language variable, the fuzzy quantification rank, membership function regulations of fuzzy set and fuzzy control output decision-making; fuzzy control quantity output decision-making have the different improvement, but all what are same in essentially, namely the fuzzy control rules expressed in tabular form. The main problem of this kind of controller is that the establishment of fuzzy control rules are difficult, many parameters cannot be determined, and whether or not the right choice is essential. For the convenience of computing and the rule automatic control, many scholars have put forward the analytically expression of control rules which lay a foundation for fuzzy controller design entering into automatic stage. Presented a new analytically expression on the basis of studying and describing a reasonable analytic expression for control rules.
U s E q EC
In which, the weighted factor s and q are determined by E and EC's value which corresponding to the normalised fuzzy quantification value for E and EC. Taking into account both the error message and the error changes message, so the controller can fully introduce the dynamic information of the control processing. Compared with the former scholar proposed expression, this method can reduce the number of adjustable factors and shorten the online self-learning time. 
In which, the optimised parameters are s 1 , s 2 , s 3 , s 4 , s 5 , s 6 , s 7 , t 1 , t 2 , t 3 , t 4 , t 5 , respectively, E = -3, -2 … 3, EC = -2, -1 … 2.
The genetic algorithm optimal approach
Genetic algorithm (Yılmaz and Küçüksille, 2015 ) is a searching algorithm based on natural selection and heredity genetic mechanism, which could be used to simulate natural selection and natural genetic process of reproduction, mating and mutation phenomena (Mahmoodabadi et al., 2014; Molina et al., 2013) . It will encode each individual into a string form, appraisal each individual according to the predetermined objective function, and give a fitness value. Genetic algorithms always have some random individual when it starts iteration (Nawi et al., 2015; Sathya and Ansari, 2015) . We can make genetic operators operating for these individuals according to these individual fitness value, retains the superior individual and eliminates poor individuals, and get a new group of individuals. The new individuals inherit some fine characters of the previous generation, and surpass the previous generation obviously, so that the genetic algorithm could towards a more optimal direction to evaluating (Xiang and Li, 2012; Xu and Xu, 2013) . In order to improve the operation accuracy, we encode 12 optimised parameters using the real number code. First, encoding optimised parameters in accordance with s 1 , s 2 , s 3 , s 4 , s 5 , s 6 , s 7 , t 1 , t 2 , t 3 , t 4 , t 5 , and then determined these parameters to be in the range [0, 1] . Supposed he total of the initial population is 50 and the maximum genetic generation is 100. The parameters obtained are shown in Table 2 after the optimisation process. The fitness function is the error absolute integral performance IAE, namely:
Using the improved genetic algorithm in order to speed up the global optimisation of above parameter.
Fitness function calibration
Assigning the individual fitness value according to in descending order location for the calibration method of the fitness value function. This method can solve the minimum optimisation problem, and the fitness function is its objective function. So the calibration algorithm steps is as follows:
1 Supposed population size of N, each individual fitness value of the population in descending order, that is, the highest individual fitness puts the first place; the smallest individual fitness is put in the lowliest place.
2 Based on distribution location of the individual fitness value, calibration equation is as follows:
In which, i represent each individual corresponding location, 1 ≤ o ≤ N.
After calibrating the fitness function based on the above algorithm, the high fitness individuals' fitness value is large and the smaller ones of individual fitness are small.
Selection
Firstly, the sort of the current group according to the fitness value's information; secondly, retaining a larger individual so that make them directly into the next generation; finally, the selection of the rest of the individual could based on ranking selection mechanism. Only by this way can expand the search space and also does not destroy the existing best solution, it always will make the evolutionary process moving in the optimal direction.
Reorganisation
The proposed algorithm uses reorganisation to replace crossover operation. Two parent individuals reproduced only one future generation, while the crossover operation will produce two future generations. The reorganisation method is as follows: 
Variation
Supposed x(x 1 , x 2 , …, x n ) is on behalf of the father generation individual, the component x i is the variation. If
In which, the value of mut can be 0, 1 and -1. If the assumed mutation rate is P m , the mut is 1 or -1. If the probability is P m /2, the remainder is 0. In which, ∂ i = 1, the probability is 1/m, m = 20.
If the variation rate is bigger and population diversity is better, the premature possibility is lower. But a big variation rate will result to genetic algorithms degenerate into pure random searching and the evolutionary rate will slow down. The smaller variation rate can maintain the quicker searching speed for the algorithm, but it is difficult to jump out when encountered local minimum point. So it is easy to occur premature phenomenon. To better solve this problem, the mutation rate Pm must adaptive change according to the actual evolution.
When the evolutionary process is going smoothly, namely, the variation rate maintenance will approach zero level when every generation appears a better solution; but if it does not appear the optimal solution without a longer evolutionary time, considered to rely on the existing groups is difficult to find the optimal solution, and increased mutation rate in order to broadening the searching space at this situation. When not-evolved generation achieves to a threshold which had set, it may believed that the group has been caught in premature state, and at this time through a very big variation rate separating from the premature state rapidly. All what above is the basis thinking of self-adaptive mutation operators in this paper (Zhu et al., 2011) .
Based on the above thought, mutation rate P m is defined as:
In which, g is the current generation, NG is a continuous no-evolution generation from the last evolution to the current generation, and cof is the enhancement coefficient of variation rate and usually it's value is very small.
Simulation research
Glass tempering and annealing temperature processing can be described as a second-order time-varying time delay system:
t y t y t u t t L t
( 1 4 ) In which, a(t) and b(t) are time-varying parameters, and L(t) is the variable time lag parameters. In the simulation experiment, the change rules of the three parameters are as follows:
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The input is a unit step signal, and the sampling period t s = 20 s. Figure 5 shows the Simulink simulation model. In the control processing, the improved genetic algorithm continuously optimised weighted factors of the fuzzy controller-based online changing information of the error and error, so that it could realise the fuzzy control rules' revision and perfection. Weighted factors optimal processing is essentially a learning processing of genetic algorithm's control experience. The whole optimisation process of the objective function value changes was shown in Figure 6 . In order to see more clearly the changes trend of the objective function value, y-coordinate is expressed by the logarithm of the goal function value and x-coordinate is expressed by the evaluated generation. With the ongoing of evaluated processing, the objective function value decreases continuously and the entire control system performance continues to increasing. The main reason lies in that amendments of the weighted factors make the fuzzy control rule to gradually in line with the actual control needs. The system simulation curve of step response is shown in Figure 7 by using the optimised fuzzy controller to control the system in the equation (14) . As shown in Figure 7 , the system unit step response curve has characteristics with no overshoot, no-oscillation, small steady-state error and the short rise time. Figure 8 shows the comparison of actual annealing temperature curves. As shown in Figure 7 , the proposed algorithm is better than the traditional algorithm. The proposed algorithm can quickly achieve the desired temperature, the step response time is short, the adjustment time is short, and the overshoot is small, so it can better meet the actual needs of the industrial production process. Through the above experimental results, it can be observed that the proposed algorithm can better control the annealing process and get better quality glass by using the big data analysis algorithm and genetic algorithm.
Conclusions
In the era of big data, data utilisation and control system performance can be further improved through the use of intelligent control technology (Lian, 2013) . When using fuzzy control in the parameters time-varying and large timedelay systems, the main difficulty is how to obtain perfect control rule. This paper proposes a self-learning fuzzy controller based on improved genetic algorithm and big data analysis. The proposed algorithm can quickly search the global optimal factor by using the big data temperature. Thus the fuzzy control rules are perfected and corrected.
The simulation results demonstrate that the proposed control algorithm is suitable for systems with time varying parameters and time lag characteristic.
